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DESCRIPTION 
FILTER AND FILTER MODULE 

5 Technical Field 

The present invention relates to a filter comprising a 
casing and a filter element comprising a porous body put in the 
casing, and to a filter module. More particularly, it relates 
to a filter large in throughput capacity per installing area 
10 (namely, large in throughput capacity with saving of space), 
and a filter module suitably usable for the filter. 

Background Art 

Recently, there have been used filter elements comprising 
15 a porous body as a filter medium for removing suspended 

materials, bacteria and dusts in liquid in a wide variety of 
the fields such as of water treatment, medicine and food. 

Porous bodies of various shapes are used as the above 
filter elements depending on the purpose of filtration, and, 
20 for example, a filter element 2 as shown in Fig. 2 is generally 
used which has a substrate comprising a cylindrical porous body 
having many pores and having a plurality of cells 3 which are 
flow paths for untreated liquid (hereinafter, such a shape is 
sometimes referred to as "monolithic" ) and a filtering membrane 
25 comprising a porous body which has an average pore diameter 
smaller than that of the substrate and is formed on the inner 
wall of a plurality of the cells 3. 

In the above-mentioned monolithic filter element, when 
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an untreated liquid (a liquid to be treated) is supplied into 
a plurality of the cells under a given pressure, the liquid 
permeates through the filtering membrane formed on the inner 
wall of the cells and the porous body constituting the substrate 
5 and is discharged through the outer peripheral surface of the 
substrate, during which the suspended material is entrapped by 
the filtering membrane. Therefore, the purified liquid can be 
recovered by employing a structure where the filter element is 
contained in the casing in such a state that the outer peripheral 

10 surface side and the cell opening end face side of the substrate 
are liquidtightly separated from each other by a sealer. 
Furthermore, since the average pore diameter of the filtering 
membrane (about 0.01-1.0 Aim) is made smaller than that of the 
substrate (1-several hundred Urn) , the filtering performance 

15 is assured and, besides, the flow resistance at the time of the 
permeation of liquid through the porous body constituting the 
substrate can be reduced and thus the fluid permeation amount 
(namely, throughput capacity) can be improved. 

The monolithic filter elements mentioned above can be 

20 used each alone, but when a large amount of untreated liquid 
(untreated water) is required to be treated as in the case of 
water treatment plant, many filter elements are connected to 
increase the filtration area and improve the throughput 
capacity. 

25 As a filter comprising many filter elements which are 

connected, there is known, for example, a filter in which many 
filter elements are contained in a casing in such a state that 
they are supported by piercing both ends of the filter elements 
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through an upper plate and a lower plate, respectively, and they 
are arranged in parallel (see, for example, JP-A-10-180049 ) . 

However, if it is attempted to improve the throughput 
capacity by increasing the number of the filter elements to be 
5 connected to increase the filtration area, the installing area 
of the filter must be increased in proportion to the number of 
the filter elements and the throughput capacity per installing 
area of the filter is small. 

10 Disclosure of Invention 

The present invention has been made in an attempt to solve 
the above problems, and provides a filter which exerts 
advantageous effects as compared with those of conventional 
filters large in throughput capacity per installing area 

15 (namely, large in throughput capacity with saving of spaces), 
and a filter module usable suitably for the filter. 

As a result of intensive research conducted by the 
inventors , it has been conceived that the above problems can 
be solved by connecting in series at least two filter elements 

20 contained in a casing in such a state as interposing a sealer 
between them, and thus the present invention has been 
accomplished. That is, the present invention provides the 
following filters and filter modules. 

[1] A filter which has at least two filter elements 

25 having a substrate comprising a cylindrical porous body having 
many pores and having a plurality of cells as flow paths of 
untreated liquid and a filtering membrane comprising a porous 
body smaller in average pore diameter than that of the substrate 
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and formed on the inner wall of a plurality of the cells, and 
said at least two filter elements are contained in a casing, 
wherein said at least two filter elements contained in the 
casing are connected in series in such a state as interposing 
5 a first sealer therebetween, and the first sealer liquidtightly 
separates a plurality of the cells from a space formed between 
the outer peripheral surface of said at least two filter 
elements and the inner peripheral surface of the casing and does 
not hinder a plurality of the cells of said at least two filter 

10 elements from communicating with each other. 

[2] A filter described in the above [1], wherein the 
substrate and filtering membrane constituting the filter 
elements comprise a ceramic. 

[3] A filter described in the above [1] or [2], wherein 

15 the first sealer is a seal cap. 

[4] A filter described in any one of the above [l]-[3], 
wherein said at least two filter elements are connected in 
series in such a state that a supporting plate is provided 
therebetween; the first sealer is interposed between said at 

20 least two filter elements and the supporting plate; and the 
supporting plate has a first opening which allows a plurality 
of the cells of said at least two filter elements to communicate 
with each other and a second opening which allows the spaces 
formed between the outer peripheral surface of said at least 

25 two filter elements and the inner peripheral surface of the 
casing to communicates with each other. 

[5] A filter described in the above [4], wherein the 
casing comprises at least two hollow cylindrical cases having 
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a flange at the end part, said at least two hollow cylindrical 
cases are connected in series in such a state as the supporting 
plate is provided between the flanges, and a second sealer is 
interposed between the flange and the supporting plate, the 
5 second sealer liquid- tightly separates the space formed between 
the outer peripheral surface of said at least two filter 
elements and the inner peripheral surface of the hollow 
cylindrical case from the external space of the hollow 
cylindrical case and does not hinder the spaces formed between 

10 the outer peripheral surface of said at least two filter 
elements and the inner peripheral surface of the hollow 
cylindrical case from communicating with each other. 

[6] A filter module in which a filter element having a 
substrate comprising a cylindrical porous body having many 

15 pores and having a plurality of cells as flow paths for untreated 
liquid and a filtering membrane comprising a porous body smaller 
in average pore diameter than that of the substrate and formed 
on the inner wall of a plurality of the cells contained in a 
hollow cylindrical case having flanges at both end parts, 

20 wherein the filter element is contained in the hollow 

cylindrical case in such a state as both end faces being 
supported by a supporting plate and a first sealer is interposed 
between the filter element and the supporting plate; the 
supporting plate has a first opening communicating with a 

25 plurality of the cells of the filter element and a second opening 
communicating with a space formed between the outer peripheral 
surface of the filter element and the inner peripheral surface 
of the hollow cylindrical case; and the first sealer 



6 



liquid-tightly separates a plurality of the cells from the space 
formed between the outer peripheral surface of the filter 
element and the inner peripheral surface of the hollow 
cylindrical case and does not hinder a plurality of the cells 
5 of the filter element and the first opening from communicating 
with each other. 

[7] A filter module described in the above [6] , wherein 
the substrate and filtering membrane constituting the filter 
element comprise a ceramic . 

10 [8] A filter module described in the above [6] or [7], 

wherein the first sealer is a seal cap. 

[9] A filter module described in any one of the above 
[6] -[8], wherein a second sealer is interposed between both 
flanges of the hollow cylindrical case and the supporting plate, 

15 and the second sealer liquid-tightly separates a space formed 
between the outer peripheral surface of said at least two filter 
elements and the inner peripheral surface of the hollow 
cylindrical case from the external space of the hollow 
cylindrical case and does not hinder the second opening of the 

20 supporting plate and the space formed between the outer 
peripheral surface of the filter element and the inner 
peripheral surface of the hollow cylindrical case from 
communicating with each other. 

[10] A filter module described in the above [9] , wherein 

25 the supporting plate and the flanges of the hollow cylindrical 
case have a bolt hole into which a bolt for bonding the supporting 
plate and the flange can be screwed, and a dent in which the 
head of the bolt can be put is formed at the bolt hole of the 



supporting plate. 

[11] A filter having at least two filter modules 
described in any one of [6] -[10] which are connected in series, 
wherein said at least two filter modules are connected in series 
5 in such a state as interposing a third sealer and a fourth sealer 
therebetween, the third sealer liquid- tightly separates the 
first opening of the supporting plate from the second opening 
of the supporting plate constituting said at least two filter 
modules and does not hinder the first openings of at least two 

10 filter modules from communicating with each other, and the 
fourth sealer liquid-tightly separates the second opening of 
the supporting plate constituting at least two filter modules 
from the external space of the filter modules and does not hinder 
communication of the second openings of at least two filter 

15 modules with each other. 

[12] A filter described in the above [11], wherein a 
purified liquid recovery port is provided at only the filter 
module connected at the uppermost part of the filter among at 
least two filter modules connected in series. 

20 

Brief Description of Drawings 

Fig. 1 is a side sectional view which schematically shows 
one embodiment of the filter of the present invention. 

Fig. 2 is an oblique view which schematically shows one 
25 embodiment of filter element. 

Fig. 3(a) and Fig. 3(b) schematically show one embodiment 
of seal cap, and Fig. 3(a) is a top view of the seal cap and 
Fig. 3(b) is a sectional view taken on line A-A ' of Fig. 3(a). 
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Fig. 4(a) and Fig. 4(b) schematically show the seal cap 
as used, and Fig. 4(a) is a top view and Fig. 4(b) is a sectional 
view taken on line A- A' of Fig. 4(a). 

Fig. 5 is a top view which schematically shows one 
embodiment of a supporting plate used in the filter of the 
present invention . 

Fig. 6 is a side sectional view which schematically shows 
one embodiment of the filter module of the present invention. 

Fig. 7(a) and Fig. 7(b) schematically show one embodiment 
of the filter module of the present invention, which are 
enlarged views of the portion at which the flange of the hollow 
cylindrical case and the supporting plate are bonded, and Fig. 
7(a) is a side sectional view in which a bolt is not fitted and 
Fig. 7(b) is a side sectional view in which a bolt is fitted. 

Fig. 8 schematically shows one embodiment of the filter 
of the present invention, which is an enlarged side sectional 
view of the connected portion of two filter modules. 

Best Mode for Carrying Out the Invention 

(1) Filter (element connection type) 

The filter (element connection type) of the present 
invention has a structure in which at least two filter elements 
contained in a casing are connected in series in such a state 
as interposing a sealer between them. The filter having such 
a structure can be installed utilizing effectively the space 
in upper and lower directions, and, hence, can be enhanced in 
throughput capacity per installing area as compared with 
conventional filters where many filter elements are disposed 
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in parallel in a casing (see JP-A- 10-180049 ) . That is, the 
filter of the present invention is large in throughput capacity 
with saving of space. 

The filter (element connection type) of the present 
5 invention will be specifically explained referring to the 
drawings. Fig. 1 is a side sectional view which schematically 
shows one embodiment of the filter of the present invention. 

As shown in Fig. 1, the filter 1 of the present invention 
has at least two filter elements 2, which are contained in a 

10 casing 4. In this specification, the term "casing" means the 
whole container which contains all filter elements used for the 
filter. The constituent material of the casing is not 
particularly limited, and preferred are those which are 
impermeable to water and high in corrosion resistance (e.g., 

15 stainless steel) . 

As shown in Fig. 2, the filter element 2 comprises a 
cylindrical porous body having many pores and has a substrate 
having a plurality of cells which are flow paths of liquid to 
be treated and a filtering membrane comprising a porous body 

20 having pores smaller in average pore diameter than those of the 
substrate and formed on the inner wall of a plurality of the 
cells 3. Specific values of the average pore diameter of the 
porous body constituting the filtering membrane and specific 
values of the average pore diameter of the porous body 

25 constituting the substrate are optionally selected depending 
on the required filter performance (particle diameter of 
substances to be captured) or fluid permeation amount (namely, 
throughput capacity), and, in many cases, the average pore 
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diameter of the porous body constituting the filtering membrane 
is about 0,01-1.0 Mm and the average pore diameter of the porous 
body constituting the substrate is 1 - several hundred ttm. 
Between the substrate and the filtering membrane, there may be 
5 formed an intermediate membrane comprising a porous body having 
an average pore diameter which is intermediate between the 
average pore diameter of the substrate and that of the filtering 
membrane . 

The shape of the filter element is not particularly 

10 limited so long as it is a cylindrical body, so-called 

monolithic body having a plurality of cells (through-holes) 
which are flow paths of liquid to be treated. As the whole shape, 
mention may be made of, for example, cylindrical shape as shown 
in Fig. 2, and, besides, quadrangular prism, triangular prism, 

15 or the like. As to the shape of cells of the filter element 
(the shape of cells at a section perpendicular to the direction 
of formation of the cells) , mention may be made of, for example, 
circular cells as shown in Fig. 2, and, besides, tetragonal 
cells, hexagonal cells, triangular cells, or the like. 

20 The substrate and the filtering membrane (and 

intermediate membrane) constituting the filter element may 
comprise an organic polymer such as cellulose acetate, 
polyvinylidene fluoride (PVDF), polypropylene (PP) or 
polyethylene (PE) , but preferably comprise a ceramic. This is 

25 because ceramics are superior to organic polymers in physical 
strength and endurance and hence have higher reliability and 
higher corrosion resistance to cause less deterioration even 
after cleaning with acids, alkalis or the like, and, furthermore, 
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accurate control of average pore diameter which determines 
filtrating ability is possible. The ceramics are not 
particularly limited, and there may be suitably used, for 
example, cordierite, mullite, alumina, aluminum titanate, 
5 lithium aluminum silicate , silicon carbide and silicon nitride . 

It is preferred to form a coat comprising a liquid 
impermeable material (such as glass) on the end face of the 
filter element other than cell opening portion (see, for example, 
JP-A-61-8106 and JP-A-2001-300273 ) . Since the filtering 

10 membrane is not formed on the end face of the filter element 
and the substrate of relatively large average pore diameter is 
exposed at the end face, the liquid to be treated sometimes 
penetrates into the substrate from the end face and may 
incorporate into a purified liquid which has already passed 

15 through the filtering membrane. By forming the above- 
mentioned coat, incorporation of untreated liquid into the 
purified liquid can be avoided and contamination of the purified 
liquid can be inhibited. 

As shown in Fig. 1, the filter 1 of the present invention 

20 has such a structure that at least two filter elements 2 
contained in the casing 4 are connected in series with 
interposing a first sealer 5 between them. In this 
specification, the term "connected in series" means such a state 
that at least two filter elements are connected in the direction 

25 of formation of the cells (axial direction of the cylindrical 
body) . The term "at least two" means that three or more filter 
elements may be connected in series. 

It is necessary that the first sealer 5 has two functions 
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of (1) liquid- tightly separating a plurality of the cells (of 
the filter elements 2) from a space 6 formed between the outer 
peripheral surface 2a of at least two filter elements 2 and the 
inner peripheral surface 4a of the casing 4 and ( 2 ) not hindering 
5 a plurality of the cells of at least two filter elements from 
communicating with each other. 

As far as the first sealer has the above two functions, 
the shape, structure and constituent material of the first 
sealer are not particularly limited, and it may be, for example, 

10 an O-ring or a ring-shaped flat packing made of an elastic 
material such as rubber. The above two functions can be secured 
by disposing the O-ring or ring-shaped flat packing to encircle 
all of the openings of a plurality of the cells along the outer 
edge of the end face of the filter element. 

15 The first sealer in the filter (element connection type) 

of the present invention is preferably a seal cap (a seal cap 
7 is also used as the first sealer 5 in the filter 1 shown in 
Fig. 1). The term "seal cap" in this specification means a 
cap- shaped sealer used being attached to the end portion of a 

20 cylindrical body such as the filter element (see, for example, 
JP-A-10-184919 ) . The cap-shaped sealer is preferred in that 
it can be simply and securely fixed to the filter element and 
furthermore can secure a higher liquid-tightness as compared 
with the O-ring and ring-shaped flat packing. 

25 Fig. 3(a) and Fig. 3(b) schematically show one embodiment 

of the seal cap, and Fig. 3(a) is a top view and Fig. 3(b) is 
a sectional view taken on line A-A' of Fig. 3(a) . The seal cap 
7 shown in Fig. 3(a) and Fig. 3(b) is a ring member having an 



L-shaped section and comprises a trunk part 7b extending in 
vertical direction and a top part 7a extending in horizontal 
direction and having a central opening 7c. 

Fig. 4(a) and Fig. 4(b) schematically show the seal cap 
5 as used, and Fig. 4(a) is a top view and Fig. 4(b) is a sectional 
view taken on line A- A' of Fig. 4(a). As shown in Fig. 4(a) 
and Fig. 4(b), the seal cap 7 is attached to the end portion 
of the filter element 2 in such a manner that the trunk part 
7b closely contacts with the outer peripheral surface 2a of the 

10 filter element 2 and the top part 7a closely contacts with the 
end face of the filter element 2 . The central opening 7c is 
formed so that all of a plurality of the cells of the filter 
elements 2 are exposed and a plurality of the cells of the filter 
elements 2 connected in series are not hindered to communicate 

15 with each other . 

As the structure of at least two filter elements being 
connected in series with interposing the first sealer between 
them, there may be considered such a structure as at least two 
filter elements being connected in series with interposing only 

20 the first sealer between them, but preferred is such a structure 
that as shown in Fig. 1, at least two filter elements 2 are 
connected in series with interposing a supporting plate 8, and 
the first sealer 5 is interposed between at least two filter 
elements 2 and the supporting plate 8. 

25 The supporting plate 8 has a first opening 8a which allows 

a plurality of the cells of at least two filter elements 2 to 
communicate with each other and a second opening 8b which allows 
spaces 6 formed between the outer peripheral surface 2a of at 



least two filter elements 2 and the inner peripheral surface 
4a of the casing 4 to communicate with each other. The shape 
of the supporting plate 8 is not particularly limited, and there 
may be suitably used a circular plate having a circular first 
5 opening 8a at the center of the plate and nearly U-shaped second 
openings 8b around the first opening as shown in Fig. 5. The 
constituent materials of the supporting plate are not 
particularly limited, and those which are water impermeable and 
high in corrosion resistance (e.g., stainless steel) can be 

10 suitably used. 

In the case of the above-mentioned structure having a 
supporting plate, preferred structure is such that the casing 
4 comprises at least two hollow cylindrical cases 9 having a 
flange 9b at the end part thereof, at least two hollow 

15 cylindrical cases 9 are connected in series in such a state as 
the supporting plate 8 being present between the flanges 9b, 
and a second sealer 10 is interposed between the flange 9b and 
the supporting plate 8 . 

It is necessary that the second sealer 10 has two functions 

20 of (1) liquid- tightly separating a space 12 formed between the 
outer peripheral surface 2a of at least two filter elements 2 
and the inner peripheral surface 9a of the hollow cylindrical 
case 9 from the external space 11 of the hollow cylindrical case 
9 and (2) not hindering the spaces 12 formed between the outer 

25 peripheral surface 2a of at least two filter elements 2 and the 
inner peripheral surface 9a of the hollow cylindrical case 9 
from communicating with each other. 

As far as the second sealer has the above two functions. 
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the shape, structure and constituent material of the second 
sealer are not particularly limited, and it may be, for example, 
an O-ring or ring-shaped flat packing made of an elastic 
material such as rubber. The above two functions can be secured 
5 by disposing the O-ring or ring-shaped flat packing so as to 
encircle the second opening of the supporting plate along the 
outer edge of the supporting plate (or the flange of the hollow 
cylindrical case) . 

A dented groove for disposing and fixing the second sealer 

10 may be provided at the flange of the hollow cylindrical case 
and/or supporting plate. By providing the dented groove, the 
second sealer can be easily disposed and more securely fixed. 
The fixing method of the flange of the hollow cylindrical case 
and the supporting plate is not particularly limited, and there 

15 is a method of making a bolt hole in the portion of the flange 
of the hollow cylindrical case and the portion of the supporting 
plate which are on the outer peripheral side of the portion where 
the second sealer is disposed, and fixing them by a bolt and 
a nut. 

20 The filter (element connection type) of the present 

invention can be constructed in the same manner as in 
construction of conventional filters, except that at least two 
filter elements contained in the casing are connected in series 
in the state of interposing a sealer between them, and the 

25 overall structure is not particularly limited and, for example, 
the filter can be constructed in such a manner as in the filter 
1 shown in Fig. 1. 

In the filter 1, two filter elements 2 are connected in 
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series in such a state that a plurality of cells of the filter 
elements 2 are liquid- tightly separated by seal caps 7 and 17 
from a space 12 formed between the outer peripheral surface 2a 
of the filter element 2 and the inner peripheral surface 9a of 
5 the hollow cylindrical case 9 and the two filter elements 2 are 
contained in the hollow cylindrical case 9 (namely, casing 4) . 
A top cap 13 is provided at the upper end of the connected two 
hollow cylindrical cases 9 (namely, casing 4) and a bottom cap 
14 is provided at the lower end of the connected two hollow 

10 cylindrical cases 9 (namely, casing 4) in such a state as 

interposing O-rings 15 and 16, respectively. Furthermore, a 
top opening 13a is formed at the top cap 13 and an untreated 
liquid feeding port 14a is formed at the bottom cap 14 . Moreover, 
a purified liquid recovery port 9c is formed at the hollow 

15 cylindrical case 9 (the upper case). 

In the filter 1, when an untreated liquid (liquid to be 
treated) is supplied into a plurality of the cells of the filter 
element 2 (the lower element) from the untreated liquid 
supplying port 14a of the bottom cap 14 under a given pressure, 

20 the untreated liquid passes through the first opening 8a of the 
supporting plate 8 and also flows into a plurality of the cells 
of the filter element 2 (the upper filter element). In this 
case, the untreated liquid is filtered with the filtering 
membrane formed on the inner wall of a plurality of the cells 

25 of the filter element 2 and discharged as a purified liquid 
through the outer peripheral surface 2a of the filter element 
2 into a space 12 formed between the outer peripheral surface 
2a of the filter element and the inner peripheral surface 9a 
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of the hollow cylindrical case 9 . 

The purified liquid which is filtered is collected in the 
space 12 formed between the outer peripheral surface 2a of the 
filter element (the lower filter element) and the inner 
5 peripheral surface 9a of the hollow cylindrical case 9 (the 
lower case) , passes through the second opening 8b of the 
supporting plate 8 and flows into the space 12 formed between 
the outer peripheral surface 2a of the filter element 2 (the 
upper filter element) and the inner peripheral surface 9a of 

10 the hollow cylindrical case 9 (the upper case), and is finally 
recovered from the purified liquid recovery port 9c of the 
hollow cylindrical case 9 (the upper case). 

Ordinarily, the filter 1 is used as a dead end type filter 
by closing the top opening 13a of the upper cap 13 by a certain 

15 lid member, but it may be used as a cross-flow type filter by 
constructing the filter so that the untreated liquid circulates 
through the filter by connecting the top opening 13a and the 
untreated liquid supplying port 14a of the bottom cap 14 by a 
piping or the like. 

20 (2) Filter module 

The filter module of the present invention has a structure 
where the filter element is contained in a hollow cylindrical 
case in such a state as both end faces of the filter element 
being supported by a supporting plate and a first sealer is 

25 interposed between the filter element and the supporting plate. 
The connection of the filter elements with each other can be 
easily carried out by constructing the filter element in the 
form of a module. When this filter module is used, a filter 
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having the structure where a plurality of filter elements are 
connected in series can be very simply constructed as in the 
case of the filter of the first invention. That is, a filter 
having a high treating ability with saving of space can be more 
simply and easily constructed. 

The filter module of the present invention will be 
specifically explained referring to the drawings. Fig. 6 is 
a side sectional view which schematically shows one embodiment 
of the filter module of the present invention. 

As shown in Fig. 6, in the filter module 31 of the present 
invention, filter element 32 is put in a hollow cylindrical case 
39 having flanges 39b at both end parts, and specifically the 
filter module has the structure where the filter element 32 is 
put in the hollow cylindrical case 39 in such a state as the 
both end faces of the filter element being supported by a 
supporting plate 38 and a first sealer 35 is interposed between 
the filter element 32 and the supporting plate 38. 

As to the construction of the filter element 32, the same 
construction as explained on the above -mentioned filter 
(element connection type) can be utilized as it is. Similarly, 
a coat comprising a liquid impermeable material (e.g. , glass) 
is preferably formed on the end face of the filter element 32 
other than the cell opening portion. 

The supporting plate 38 has a first opening 38a which 
communicates with a plurality of the cells of the filter element 
32 and a second opening 38b which communicates with a space 42 
formed between the outer peripheral surface 32a of the filter 
element 32 and the inner peripheral surface 39a of the hollow 



cylindrical case 39. As to the construction of the supporting 
plate 38, the same construction as of the "supporting plate 8" 
explained on the above-mentioned filter (element connection 
type) can be utilized as it is (see Fig. 5). 
5 It is necessary that the first sealer 35 has two functions 

of (1) liquid- tightly separating a plurality of the cells (of 
the filter element 32 ) from the space 42 formed between the outer 
peripheral surface 32a of the filter element 32 and the inner 
peripheral surface 39a of the hollow cylindrical case 39 and 

10 (2) not hindering a plurality of the cells of the filter element 
32 from communicating with the first opening 38a (of the 
supporting plate 38). 

As to the construction of the first sealer 35, the same 
construction as of "the first sealer 5" explained on the 

15 above-mentioned filter (element connection type) can be 

utilized as it is. Similarly, the first sealer 35 is preferably 
a seal cap (see Fig. 3(a) and Fig. 3(b), and Fig. 4(a) and Fig. 
4(b)) . In the filter module 31 shown in Fig. 6, a seal cap 37 
is used as the first sealer 35. 

20 It is preferred that the filter module of the present 

invention has a structure where a second sealer 40 is interposed 
between both flanges 39b of the hollow cylindrical case 39 and 
the supporting plate 38 as shown in Fig. 6. 

It is necessary that the second sealer 40 has two functions 

25 of (1) liquid- tightly separating the space 42 formed between 
the outer peripheral surface 32a of the filter element 32 and 
the inner peripheral surface 39a of the hollow cylindrical case 
39 from the external space 41 of the hollow cylindrical case 
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39 and (2) not hindering the space 42 formed between the outer 
peripheral surface 32a of the filter elements 32 from 
communicating with the inner peripheral surface 39a of the 
hollow cylindrical case 39. As to the construction of the 

5 second sealer 40, the same construction as of "the second sealer 
10" explained on the above-mentioned filter (element connection 
type) can be utilized as it is. 

A dented groove for disposing and fixing the second sealer 
may also be provided at the flange of the hollow cylindrical 
10 case and/or the supporting plate in the filter module of the 
present invention as in the case of the above-mentioned filter 
(element connection type) (in the filter module 31 shown in Fig. 
6, a dented groove for disposing and fixing the second sealer 

40 is provided at the flange 39b of the hollow cylindrical case 
15 39 and the supporting plate 38). 

The method of fixing the hollow cylindrical case and the 
supporting plate is not particularly limited, and there is a 
method by which a bolt hole 39d and a bolt hole 38c are made 
in the portions of the flange 39b of the hollow cylindrical case 

20 39 and the supporting plate 38 which are on the outer peripheral 
side of the portion where the second sealer 40 is disposed, and 
the hollow cylindrical case and the supporting plate are fixed 
by a bolt and a nut as shown in Fig . 6 . 

More specifically, as shown in Fig. 7(a) and Fig. 7(b), 

25 the structure may be such that the supporting plate 38 and the 
flange 39b of the hollow cylindrical case 39 have a bolt hole 
38c into which a bolt 48 for bonding the supporting plate and 
the flange can be screwed, and especially preferably a dent 38d 
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in which the head of the bolt 48 can be put is formed at the 
bolt hole 38c of the supporting plate 38. 

By employing the above structure, the flange 39b of the 
hollow cylindrical case 39 and the supporting plate 38 can be 
5 fixed by the bolt 48 and the nut 49 , and in addition, the head 
of the bolt 48 does not protrude from the surface of the 
supporting plate 38. Therefore, the head of the bolt does not 
obstruct the connection of a plurality of filter modules in 
series to construct a filter, and thus it becomes possible to 
10 connect a plurality of filter modules in series in the state 
of surely connecting the respective supporting plates of the 
filter modules with each other. 

(3) Filter (module connection type) 

The filter (module connection type) of the present 
15 invention is a filter having at least two filter modules 

mentioned above, which are connected in series. The filter 
having such a structure can also be installed effectively 
utilizing the space in upper and lower directions as in the case 
of the filter (element connection type), and hence can be 
20 enhanced in throughput capacity per installing area, and is a 
filter large in throughput capacity with saving of space. 
Furthermore, since the filter element is in the form of a module, 
the connection between the filter elements can be easily 
performed, and the filter of large throughput capacity with 
25 saving of space as mentioned above can be more simply and easily 
constructed. 

The filter (module connection type) of the present 
invention will be specifically explained referring to the 
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drawings. Fig. 8 is a side sectional view which schematically 
shows one embodiment of the filter of the present invention and 
is an enlarged view of the connected portion of the two filter 
modules. The filter modules 32 shown Fig. 8 has the same 
5 structure as of the filter module 32 shown in Fig. 6. 

As shown in Fig. 8 f the filter 61 of the present invention 
has at least two filter modules 31 of the present invention 
mentioned above, which are connected in series in such a state 
as interposing a third sealer 50 and a fourth sealer 51 between 
10 them . 

It is necessary that the third sealer 50 has two functions 
of (1) liquid- tightly separating the first opening 38a (of the 
supporting plate 38) from the second opening 38b of the 
supporting plate 38 constituting at least two filter modules 

15 31 and (2) not hindering the first openings 38a (of the 

supporting plate 38) of at least two filter modules 31 from 
communicating with each other. 

As far as the third sealer has the above two functions , 
the shape, structure and constituent material of the third 

20 sealer are not particularly limited, and it may be, for example, 
an O-ring or a ring-shaped flat packing made of an elastic 
material such as rubber. In this case, a dented groove for 
disposing and fixing the third sealer may be provided at the 
supporting plate constituting each filter module (in the filter 

25 module 31 shown in Fig. 8, a dented groove for disposing and 
fixing the third sealer 50 is also provided at the supporting 
plate 38 constituting the filter module 31). 

It is necessary that the fourth sealer 51 has two functions 
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of (1) liquid-tightly separating the second opening 38b of the 
supporting plate 38 constituting at least two filter modules 
31 from the external space 41 of at least two filter modules 
31 and (2) not hindering the second openings 38b (of the 
5 supporting plate 38) of at least two filter modules 31 from 
communicating with each other. 

As far as the fourth sealer has the above two functions, 
the shape, structure and constituent material of the fourth 
sealer are not particularly limited, and it may be, for example, 

10 an O-ring or a ring-shaped flat packing made of an elastic 
material such as rubber. In this case, a dented groove for 
disposing and fixing the fourth sealer may be provided at the 
supporting plate constituting each filter module (in the filter 
module 31 shown in Fig. 8, a dented groove for disposing and 

15 fixing the fourth sealer 51 is also provided at the supporting 
plate 38 constituting the filter module 31). 

In the filter of the present invention (module connection 
type), a structure can be considered where a purified liquid 
recovery port is provided at each of at least two modules 

20 connected in s.eries , but preferred is a structure where the 
purified liquid recovery port is provided at only the filter 
module connected at the uppermost part of the filter. Such 
structure has the merit that the piping equipment can be 
simplified as compared with the structure where the purified 

25 liquid recovery port is provided at each of the filter modules. 
Moreover, such structure has the merit that removal of air from 
the filter modules (namely, the filter) is easier as compared 
with, for example, a structure where a purified liquid recovery 
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port is provided at only the filter module connected at the 
lowermost part of the filter. 

The whole structure of the filter of the present invention 
(module connection type) is not particularly limited, and, for 
5 example, as in the case of the filter 1 shown in Fig. 1, a top 
cap having a top opening part is provided at the upper end of 
the connected at least two filter modules and a bottom cap having 
an untreated liquid supplying port is provided at the lower end 
in the state of interposing O-rings, respectively, see Fig. 1) . 

10 

Industrial Applicability 

As explained above, the filter and filter module of the 
present invention are large in throughput capacity per 
installing area with saving of space, and hence are particularly 
15 suitable for treatment of a large quantity of untreated liquid 
(untreated water) such as in water treatment plant. 



